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The morphologic features of alcoholic cardiomyopathy
in human sudden death compared with those of exper-
imental alcoholic cardiomyopathy (6 weeks of alcohol
administration and simultaneous inhibition of catalase
activity) proved to be nearly identical. Regular and sim-
ilar alterations in alcoholic cardiomyopathy in both hu-
man victims of sudden death and experimental rats are
described as a complex of alterations characteristic of
alcoholic cardiomyopathy. This complex of changes was
used as the basis for morphologic diagnosis of endo-
myocardial biopsy in two groups of patients: I) chronic
alcoholics (second to third stages), and II) patients with
clinically diagnosed congestive cardiomyopathy. Typical
signs of alcoholic cardiomyopathy were found in 9 of the
11 patients in the first group and in 6 of 18 in the second
group.
The number of chronic alcoholics has lately increased all
over the world (1). In addition to its narcotic effect, alcohol
produces so-called visceral alcoholism, whose conse-
quences are the principal causes of death among excessive
drinkers (2). Alcoholic damage to the myocardium, that is,
alcoholic cardiomyopathy, may be a cause of death among
the most productive age groups, namely, men before age
50 (3,4).
Early diagnosis of alcoholic cardiomyopathy and ade-
quate therapy could be prophylactic measures against sud-
den death, but the clinical symptoms of alcoholic cardio-
myopathy are not sufficiently specific (5). Patients usually
understate heavy alcohol consumption and describe them-
selves as mild drinkers. They are unable to evaluate their
physical state adequately and rarely take medical advice.
Also, the fact that alcoholic cardiomyopathy does not de-
velop in every case of alcohol consumption prevents pa-
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The fact that the features of alcoholic cardio-
myopathy were not found in all cases of chronic alco-
holism supports the hypothesis that the administration
of alcohol itself is not sufficient for the development of
this disease. The level of enzyme activity in the metab-
olism of alcohol appears to be of great importance. This
hypothesis is confirmed by experiments with rats in which
this disease developed only when there was simultaneous
alcohol administration and inhibition ofcatalase activity.
Histochemical study showed that the alterations of en-
zyme (both energetic and alcohol metabolism) in rats
were similar to those found in the biopsy specimens from
patients with alcoholic cardiomyopathy. Certain ques-
tions regarding the pathogenesis of alcoholic cardio-
myopathy are discussed.
(J Am Coli CardioI1986;8:22A-32A)
thologists and cardiologists from acknowledging the disease
as a nosologic unit.
It is particularly difficult to provoke alcoholic cardio-
myopathy in animals, and this hinders further studies as
well. Myocardial disease in experimental animals caused
by chronic ethanol feeding alone differs from alcoholic car-
diomyopathy in humans, and only Kino (6) has observed
similar alterations. Experimental morphologic data and au-
topsy data observed previously (3) are compared in the
present study. The data are used for morphologic diagnosis
in patients with a clinical diagnosis of congestive or alco-
holic cardiomyopathy.
Methods
Experimental Protocol
Experiments were perfonned in male Wistar rats weigh-
ing 160 to 180 g. Four groups, each consisting of three
animals, were studied. The first group was the experimental
group, and the three others served as control groups (Table
1). The animals in group 1 were fed a liquid ethanol diet
in which alcohol constituted 36% of the total caloric intake
(10 to 12 g absolute alcohol per kilogram of body weight).
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Probability (p) values are in comparison with group 4.
Table 2. Heart Weight and Diameter of Cardiomyocytes in
Different Experimental Groups of Rats
Results
Experimental Studies on Rats
Myocardial pathology. Examination of the semithin
myocardial sections of the rats in group 1 (ethanol plus
inhibition of catalase activity) showed atrophy (as well as
hypertrophy) of the cardiomyocytes, vacuolization of the
cardiomyocytes (mainly in the subendocardial layer of the
left ventricle), bizarre nuclei and bands of myofibrillar ov-
ercontractions. Microvessels were dilated, and the area be-
tween the capillaries and cardiomyocytes was increased. A
decrease in the diameter of muscle cells was discovered in
the animals receiving ethanol. Moreover, animals in group
2 (the ethanol control group) showed a greater decrease in
the diameter of cardiomyocytes than did animals in group
1, although the difference was not statistically significant
(Table 2).
Histochemical study. Quantitative histochemical study
was also performed in the rats and in the first group of
patients (chronic alcoholics). Unfixed pieces of myocardium
were frozen immediately with dry ice and simultaneously
with the specimens of normal rat myocardium. The biopsy
specimen (or tissue of experimental rats) and normal rat
myocardium were put in one block and cut with a cryocut
at - 20°C. In this way, sections of human (or experimental
rat) myocardium and normal rat myocardium were placed
together on one object glass and histochemical reactions
proceeded simultaneously under the same conditions. The
thickness of the sections was kept constant at 10 pm.
The following enzymes were studied: succinate dehydro-
genase, nicotinamide adenine dinucleotide (NAD)-diaphor-
ase, lactate dehydrogenase, beta-hydroxybutyrate dehydro-
genase, alpha-glycerophosphate dehydrogenase, catalase,
alcohol dehydrogenase and glucose-6-phosphate dehydro-
genase. The activity of the enzymes was determined in the
microscope photometer (Opton SMP-Ol). Activity was ex-
pressed as the percent of optical density of normal rat myo-
cardium, which served as 100%.
The comparison group for the histochemical study com-
prised men who died as a result of trauma and brain hem-
orrhage. Their myocardium was taken no later than 3 hours
after death and was prepared in the same way as the ex-
perimental specimens.
Diameter of
Cardiomyocytes (p.m)
16.02 ± 0.70 (p < 0.01)
15.11 ± 0.62 (p < 0.001)
17.02 ± 0.41 (p < 0.05)
18.43 ± 0.54
Heart Weight (g)
0.94 ± 0.05 (p < 0.01)*
1.04 ± 0.02 (p < 0.25)
1.01 ± 0.001 (p < 0.25)
1.01 ± 0.01
1
2
3
4
Group
1 LiqUId ethanol diet and aminotriazole intraperitoneally
2 Liquid ethanol diet and sodium chloride intraperitoneally
3 Isocaloric to ethanol diet and aminotriazole intraperitoneally
4 Isocaloric to ethanol diet and sodium chlonde mtraperitoneally
Simultaneously, the specific inhibitor of catalase activity,
3-ammo-I,2,4-triazole, was injected intraperitoneally (l glkg
body weight) every other day. The rats in group 2 were fed
the ethanol diet and given sodium chloride intraperitoneally.
The group 3 animals were given a control diet (isocaloric
to ethanol) and 3-amino-l ,2,4-triazole. Animals in group 4
were given the control diet and sodium chloride intraperi-
toneally. Both the control and ethanol diets contained vi-
tamins and salts in amounts that were considered nutrition-
ally adequate for the rats (6).
Body weight was controlled regularly during the exper-
iment. The rats were killed after 6 weeks of the experiment
by decapitation on the day after the last day of alcohol
administration; heart weight was determined at this time.
The hearts were stopped using a cold potassium chloride
solution. Tissue from the left ventricle and liver was fixed
with buffered 2.5% glutaraldehyde, postfixed in osmium
tetroxide, dehydrated in a series of graded ethanols and
propylene oxide and then embedded in araldite. Semithin
sections (l /Lm thick) were cut from the embedded blocks
with a glass knife on an LKB ultramicrotome and stained
with toluidine blue and hematoxylin-eosin for light micros-
copy. Ultrathin sections (70 to 80 nm thick) were stained
with uranyl acetate and lead citrate and were examined in
a JEM 100C-x electron microscope. In some specimens of
myocardium, the permeability of membranes was deter-
mined with colloid lanthanum (7). Electron histochemical
nickel reaction was performed to determine hypoxic areas
in the myocardium (8). The diameter of the cardiomyocytes
was measured only in nucleated transverse semithin sections
stained with hematoxylin-eosin, in 50 cells for each case.
Clinical study: endomyocardial biopsy. Endomyocar-
dial biopsies were performed on 29 men during coronary
angiography and ventriculography. There were two groups
of patients. Group I comprised 11 men 27 to 45 years old
(average 35) with chronic alcoholism of the second and third
stages and with arrhythmias (paroxysmal tachycardia, ex-
trasystoles and others) or impaired myocardial conduction;
these patients had neither subjective complaints nor symp-
toms of cardiac insufficiency. Group II comprised 18 men
23 to 58 years old (average 42) with a clinical diagnosis of
congestive cardiomyopathy. All of these patients had symp-
toms of cardiac insufficiency. No coronary stenosis was
eVid~nt on angiography in either group I or group II. Biopsy
speCImens (three to five samples) from the left ventricle
were prepared for electron microscopy using the method
described earlier for experimental material.
Group Diet
Table 1. Experimental Design
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Myocardial ultrastructure. Electron microscope ex-
amination of the rats in group 1 showed considerable my-
ofibrillar alterations, predominantly in the subendocardial
layer of the myocardium. These changes were myofibrillar
disarray and lysis (Fig. IA) and were particularly apparent
around the intercalated disks. The sarcoplasmic reticulum
was markedly dilated and large vacuoles containing gly-
cogen and remains of cardiomyocyte organelles appeared
in most of the cardiomyocytes (Fig. IB). Sometimes, the
vacuoles reached the size of several sarcomeres, and they
were often observed in the perinuclear space so that they
seemed to crush the nucleus (Fig. IC), whereas some vac-
uoles were totally enveloped by a double membrane (Fig.
Ie and D).
Lipid droplets were frequent in many cardiomyocytes,
and the number of lysosomes was increased. Large accu-
Figure 1. Ultrastructure of cardiomyocytes in experimental al-
coholic cardiomyopathy (group I). A, Myofibrillar (Mt) disarray
and lysis. B, Large vacuole (V) containing glycogen, damage of
mitochondria (M). C, Large vacuole (V) with double membrane
near the nucleus (N). D, Large vacuole (V) with double membrane
containing mitochondrial (M) remnants. M = mitochondria. All
magnifications indicated with reference bars.
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Figure 2. Myocardial ultrastructure in experimental alcoholic car-
diomyopathy. A, Accumulation of glycogen particles and ap-
pearance of the nickel reaction product (Ni). B, Dehiscence of
intercalated disk (arrows). C, Thin endothelium of capillary (ar-
rows). D, Penetration of lanthanum particles (black) into car-
diomyocyte.
mulations of glycogen particles were observed (Fig. 2A).
In some cardiomyocytes, mitochondrial alterations were ob-
served: swelling, destruction of cristae and, rarely, rupture
of the external membrane (Fig. lB). Intramitochondrial in-
clusions were never found. The increase in number of mi-
tochondria per cell was quite typical. In some cardiomy-
ocytes, the mitochondria occupied a larger area than the
myofibrils.
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Cell contacts were generally preserved, and dehiscence
of the intercalated disks was not often seen (Fig. 2B). Fatty
cells were found in the enlarged interstitium. Although the
endothelium was thinned in most of the capillaries (Fig.
2C), large endothelial processes were completely blocking
the lumen of a few capillaries. These alterations were not
typical of pair-fed rats and were observed only in single
areas of the animals in group 2.
The lanthanum reaction permitted an increase in sarco-
lemmal permeability and penetration of lanthanum particles
into the sarcoplasm and, sometimes, into the mitochondria
of the rats in groups 1 and 2 (Fig. 2D). Cardiomyocytes
with significant accumulation of nickel were discovered by
means of the nickel reaction in the myocardium of rats in
group 1 and, rarely, in group 2 (Fig. 2A).
In the groups receiving ethanol, the liver was enlarged
and showed severe fatty degeneration. The liver in the pair-
fed groups (groups 3 and 4) was normal.
Body weight. All control groups (groups 2, 3 and 4)
showed a 75% increase in body weight. In the rats in group
1, body weight increased at the beginning of the experiment,
but beginning in the fifth week weight began to decrease
and, by the end of the experiment, the increase in body
weight in the animals in group I was only 60%. Heart weight
was significantly lower in the animals in group 1 than in
the control rats (Table 2).
Histochemical findings. Quantitative histochemical study
of the enzyme activity in energetic enzymes and those for
ethanol metabolism showed significant metabolic changes
for both types of enzymes in group I (Table 3). A significant
decrease of succinate dehydrogenase and lactate dehydro-
genase activity was observed in the myocardium of animals
in group 1, together with an increase of glucose-6-phosphate
dehydrogenase and alcohol dehydrogenase activity.
Table 3. Enzyme Activity in Rat Myocardium
Typical ultrastructural pattern of alcoholic cardio-
myopathy. Comparison of the experimental data with data
derived earlier from autopsies of victims of sudden death
(3) enabled us to identify and characterize the findings ob-
served on autopsy: atrophy of cardiomyocytes, fatty tissue
in the interstitium, dilation of the capillary bed, myofibrillar
lysis, hyperplasia of small mitochondria, large vacuoles,
marked lipid infiltration and accumulation of lysosomes and
lipofuscin granules.
Endomyocardial Biopsy in Male Patients
Alcoholic cardiomyopathy. Experimental and autopsy
data were used for the analyses of endomyocardial biopsies.
Two of the 11 patients with chronic alcoholism (group I)
had no morphologic alterations typical of alcoholic cardio-
myopathy. One had only myofibrillar overcontractions in
the myocardium, and the other had chronic myocarditis. In
the remaining nine patients, the typical pattern of alcoholic
cardiomyopathy was observed: irregular and atrophied car-
diomyocytes, fatty tissue in the interstitium, myofibrillar
disarray and lysis, appearance of large vacuoles in the car-
diomyocytes, hyperplasia of small mitochondria (Fig. 3),
fatty infiltration of cardiomyocytes and an increase of ly-
sosomes and lipofuscin quantities (Fig. 4A).
The sarcolemma was penetrated by particles of colloid
lanthanum which were found in sarcoplasm and mitochon-
dria. The cardiomyocytes with large nickel storage were
discovered with the help of the nickel reaction. Figures 3
and 4 identify these alterations for both the experimental
group and the victims of sudden death. The alterations in
the patients in group I were comparatively weaker than those
observed previously in the victims of sudden death.
Congestive cardiomyopathy. Patients in group II
(congestive cardiomyopathy) showed less evidence for a
ActIVIty (in optical density units)
Enzyme Group I Group 2 Group 3 Group 4
Succinate 0.69 ± 0.02 0.74 ± 0.08 087 ± 0.05 0.90 ± 0.03
dehydrogenase (p < 0.01)*
Lactate dehydrogenase 0.65 ± 0.01 0.67 ± 0.08 0.76 ± 0.03 0.75 ± 0.03
(p < 0.05)
Alpha-glycerophosphate 0.32 ± 0.016 0.29 ± 0.05 0.32 ± 0.03 0.31 ± 0.004
dehydrogenase (p > 0.1)
Beta-hydroxybutyrate 0.65 ± 0.03 0.66 ± 0.017 0.60 ± 0.02 0.64 ± 0.01
dehydrogenase (p > 0.1)
Glucose-6-phosphate 0.25 ± 0.03 0.25 ± 0.008 0.20 ± 0.007 0.21 ± 0.007
dehydrogenase (p < 0.02)
NAD-diaphorase 0.34 ± 0.012 0.33 ± 0.026 0.34 ± 0.014 0.35 ± 0.012
(p > 0.1)
Alcohol dehydrogenase 0.21 ± 0.005 0.21 ± 0.03 0.19 ± 0.001 0.19 ± 0.004
(p < 0.05)
Catalase 0.25 ± 0.001 0.025 ± 0.003 0.017 ± 0.001 0.023 ± 0.002
(p>O.I)
Probability (p) values are in comparison with group 4.
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Figure 3. Histologic and ultrastructural findings in the myocar-
dium of humans with alcoholic cardiomyopathy (group I) undergo-
ing biopsy. A, Fatty tissue in the interstitium (semithin section).
B, Myofibrillar (Mf) disarray and lysis. C, Appearance of large
vacuoles (V) in cardiomyocytes. D, Mitochondriosis. M = mi-
tochondria.
diagnosis of alcoholic cardiomyopathy. All of these patients
denied that they consumed alcohol. However, histologic and
electron microscopic observations showed typical morpho-
logic features of alcoholic cardiomyopathy in 6 of the 18
patients. Repeated probing of the patients' history (in some
cases, with the cooperation of a psychologist) enabled us
to determine heavy and prolonged alcohol consumption in
these six cases.
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The morphologic alterations were expressed more ex-
plicitly and were more widespread in group II than in group
I. This finding was confirmed by the symptoms of cardiac
insufficiency. Considerable changes in the myofibrillar ap-
paratus of the myocardium were found in the six patients
of group II. These changes were found in the semithin
sections: the central part of the cardiomyocytes seemed to
be optically empty and the myofibrils were only at the cell
Figure 4. Histologic and ultrastructural findings in the myocar-
dium of humans with alcoholic cardiomyopathy (groups I and II).
A, Accumulation of Iysosomes (L) and lipid (Lip) infiltration. B,
Optically empty central part of the cardiomyocytes (semithin sec-
tion). C, Interstitial fibrosis of the myocardium (semithin section).
D, Necrosis of muscle cell (arrows) (semithin section).
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periphery (Fig. 4B). Fatty cells were numerous in the myo-
cardial interstitium. The degree of interstitial fibrosis varied
significantly, although it was higher in all cases than in
group I (Fig. 4C).
Ultrastructural study showed severe disarray, atrophy
and lysis of the myofibrils, mitochondriosis and accumu-
lation of large amounts of alpha- and beta-glycogen parti-
cles. In some cardiomyocytes, indications of hypertrophy
were found: enlargement of the cell diameter, appearance
of granular reticulum, numerous polyribosomes, dilation of
the T tubules, large and bizarre nuclei and multiple inter-
calated disks. A part of the muscle cells was necrotic (Fig.
4D). The microcirculatory bed was irregularly dilated and
the vessels were heavily filled with blood. The impression
was that the bloodstream had slowed markedly. Cell contact
between the cardiomyocytes was rarely altered, but dehis-
cence of the intercalated disks was apparent. These changes
were observed only in group II. In both groups, the con-
traction bands of myofibrils were found as possible artifacts
of biopsy.
No changes indicative of alcoholic cardiomyopathy could
be found in the remaining 12 patients in group II. The
diagnoses determined from biopsy data were chronic my-
ocarditis in five patients, small vessel disease in one patient
and confirmation of the clinical diagnosis of congestive car-
diomyopathy in six patients.
Histochemical findings. Histochemical study of the
myocardium in the patients in group I showed significant
alterations in enzyme activity compared with the group of
men who died from trauma or brain hemorrhage (Table 4).
In group I (alcoholic cardiomyopathy), the activity of suc-
cinate dehydrogenase, lactate dehydrogenase, alpha-glyc-
erophosphate dehydrogenase and beta-hydroxybutyrate de-
hydrogenase decreased 34, 16, 15 and 20%, respectively,
and this decrease was statistically significant. The decrease
in NAD-diaphorase activity was not statistically significant.
Simultaneously, the activity of glucose-6-phosphate dehy-
drogenase increased significantly by 23%. Catalase and al-
cohol dehydrogenase activity did not differ significantly from
values in the compared group.
Discussion
Experimental Alcoholic Cardiomyopathy
The impossibility of producing alcoholic cardiomyopathy
in experiments by chronic ethanol feeding alone has been
demonstrated in many studies (9-11). Some authors (12)
have found no differences in myocardial ultrastructure be-
tween rats fed alcohol and those serving as control animals.
However, far from all chronic alcoholics have heart disease,
and some data show that alcoholic cardiomyopathy is found
in only 20% of heavy drinkers (13).
Role of cardiac catalase activity. The reported increase
in catalase activity (14) suggests that cardiac catalase serves
a protective function in the pathogenesis of alcoholic car-
diomyopathy in the rat. Actually, catalase represents one
of the main metabolic pathways for ethanol in muscle tissue.
Heart and skeletal muscles possess only trace activity of
alcohol dehydrogenase, and there are no data concerning
the microsomal ethanol oxidizing system (15, 16). In 1981,
Kino (6) suggested an experimental model of alcoholic car-
diomyopathy in rats: ethanol was given to the rats and car-
diac catalase activity was inhibited by giving them the spe-
cific enzyme inhibitor of catalase, 3-amino-l,2,4-triazole.
His results were similar to those seen in human alcoholic
cardiomyopathy.
Kino's experiment was repeated in the present study to
study the ultrastructure and metabolism of the myocardium
and to compare the experimental data with the features of
alcoholic cardiomyopathy in human victims of sudden death
(3,4). This experimental model is useful for studying the
pathogenesis and morphogenesis of alcoholic cardio-
myopathy.
By feeding the rats a nourishing diet, we were able to
exclude the role of nutritional deficiency proposed earlier
by many authors, for example, the special form of alcoholic
cardiomyopathy described as beriberi (17). The daily al-
cohol rations given to the rats (36% of the total calories)
corresponded approximately to the percent intake reported
in a population of human alcoholics (18). The ratio of the
duration of alcohol administration in the rats (6 weeks) to
Table 4. Enzyme Activity in Myocardial Biopsy Specimens in the Patients in Group I
Activity (in percent of optical density of
normal rat myocardium)
Enzyme
Succinate dehydrogenase
Lactate dehydrogenase
Beta-hydroxybutyrate dehydrogenase
Alpha-glycerophosphate dehydrogenase
Glucose-6-phosphate dehydrogenase
NAD-diaphorase
Alcohol dehydrogenase
Catalase
Group I
36.8 ± 3.1 (p < 0.(01)
61.6 ± 3.6 (p < 0.05)
57.8 ± 3.8 (p < 0.01)
85.8 ± 1.8 (p < 0.05)
120.5 ± 7.2 (p < 0.05)
91.2 ± 7.2 (p > 0.1)
129.2 ± 4.2 (p > 0.1)
106.9 ± 5.4(p>0.1)
Comparison Group
55.6 ± 2.0
73.0 ± 3.8
73.8 ± 2.4
99.8 ± 5.0
97.8 ± 5.6
98.4 ± 4.4
121.7 ± 2.7
95.5 ± 3.0
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the lifetime of the rats corresponds to that in humans with
clinical symptoms of alcoholic cardiomyopathy (19).
Ultrastructural changes. Despite exact repetition of
Kino's experiment, we did not obtain absolutely identical
data. First, with regard to the atrophy of cardiomyocytes,
we found a significant decrease in the diameter of cardio-
myocytes in the animals receiving ethanol (Table 2), whereas
Kino (6) discovered myocytes with increased diameter in
the group receiving alcohol and the catalase inhibitor si-
multaneously.
The decrease in diameter of cardiomyocytes of rats fed
ethanol agrees completely with the data regarding cardio-
myocyte atrophy in human victims of sudden death from
alcoholic cardiomyopathy (3,4). Cardiomyocyte atrophy may
be explained by the inhibition of protein synthesis with the
product of alcohol metabolism, acetaldehyde (20). Perhaps
the same explanation can be applied to the myofibrillar lysis
found in the present study.
The severe vacuolization of the cardiomyocytes should
not be explained only by the dilation of the sarcoplasmic
reticulum. Some of the vacuoles we observed were sur-
rounded by a double membrane and contained remnants of
mitochondrial cristae. Such vacuoles were also described
by Alexander et al. (21) in mice with alcoholic cardio-
myopathy. Perhaps these vacuoles with double membranes
are either transformed megamitochondria or a large number
of fused, smaller mitochondria forming large vacuoles.
The mitochondrial destruction observed in our study was
not as widespread and considerable as that in Kino's ex-
periment (6), and we never observed intramitochondrial in-
clusions. The increase in areas occupied by mitochondria
and the decrease in areas occupied by myofibrils were typical
changes. The ratio of mitochondria to myofibrils also in-
creased, but in some cells there was considerable destruction
of mitochondria. A significant decrease in mitochondrial
enzyme activity was observed histochemically. A reduction
in mttochondrial respiration has also been demonstrated in
dogs after prolonged intake of ethanol (22). Diminished
myocardial contractility resulting from the ethanol was also
demonstrated in this study, and is reflected in our data on
myofibrillar lysis. Kino (6) did not observe myofibrillar
alterations.
The absence of myofibrillar atrophy and destruction in
the study by Kino (6) does not agree with his own data on
the progressive decrease in heart weight in experimental
alcoholic cardiomyopathy. A decrease in heart weight, as
well as body weight, was observed in our study of exper-
imental alcoholic cardiomyopathy. In both groups receiving
ethanol, the fatty liver supported the view that alcohol is
directly toxic to the liver and indirectly toxic to the heart
(12).
Typical ultrastructural complex of alcoholic cardio-
myopathy. None of the features we observed in the animals
in group 1 (cardiomyocyte atrophy, fatty tissue in the in-
terstitium of the myocardium, lysis of the myofibrillar ap-
paratus, hyperplasia of small mitochondria, lipid infiltration
and accumulation of lysosomes in the cardiomyocytes, di-
lation of the cisternae of the sarcoplasmic reticulum and
formations of large vacuoles) are, taken separately, specific
for alcoholic cardiomyopathy, and each may be found in
other forms of myocardial disease. However, earlier ex-
perimental and pathologic studies of ultrastructural altera-
tions showed that every organelle underwent nonspecific
changes but that the probability of a repetition of the given
complex of changes was 10 - 7; that is, the complex of events
is practically unique (23).
Therefore, a definite combination of nonspecific altera-
tions of separate organelles is specifically manifested on the
ultrastructural level. Some of these alterations have been
described earlier in human and experimental alcoholic car-
diomyopathy (24). However, the stable repetition of this
complex of changes has been overlooked by previous re-
searchers.
Clinical Alcoholic Cardiomyopathy
Comparison of experimental and clinical findings. The
complex of changes observed previously in cases of sudden
death from alcoholic cardiomyopathy (3,4) was compared
with the experimental data on alcoholic cardiomyopathy and
the human biopsy specimens in the present study. Differ-
ences were found in the glycogen content and the ultrastruc-
ture of mitochondria. Large amounts of glycogen particles
were observed in the biopsy and rat material, but they were
practically absent in the autopsy material. This difference
can be explained easily: glycogen is eliminated from the
sarcoplasm during the first 15 to 30 minutes of autolysis
(25). The second difference, regarding the ultrastructure of
mitochondria, was that intramitochondrial inclusions were
observed constantly in the autopsy material (3,4) but were
never found in the rat experiments or in the biopsy material.
Still, it is risky to judge the mitochondrial ultrastructure by
autopsy material. The identification and characterization of
the complex of changes from both the autopsy and exper-
imental material make it possible to use this complex as a
basis for morphologic diagnosis in endomyocardial biopsy.
The fact that the features of alcoholic cardiomyopathy
were not found in all patients with chronic alcoholism, even
in those with arrhythmias and conduction disturbances, sup-
ports the hypothesis that the administration of alcohol itself
is not sufficient for the development of alcoholic cardio-
myopathy. The development of this disease may largely
depend on a genetically conditioned, potential reserve of
enzymes for alcohol metabolism. As both the study of Kino
(6) and the present study show in this regard, the level of
catalase activity seems to be of great importance.
Role of alcohol in congestive cardiomyopathy. The
above differential, diagnostic complex enabled us to diag-
nose alcoholic cardiomyopathy in 6 of the 18 cases with the
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clinical diagnosis of congestive cardiomyopathy. Although
at first the patients denied that they consumed large amounts
of alcohol, after their history was probed, they admitted to
prolonged and excessive drinking.
Histochemical (enzymatic) Changes
Histochemical study showed that the enzyme alterations
in rats were similar to those found in alcoholic cardio-
myopathy in humans. The histochemical data showed a
considerable decrease in respiratory enzyme activity. The
decrease in succinate dehydrogenase and the tendency to-
ward a decrease in NAD-diaphorase activity imply that
changes were taking place in the Krebs cycle and the chain
of electron transport, that is, in the systems producing the
highest energy products.
A decrease in lactate dehydrogenase activity provokes
the accumulation of lactate in the myocardium and may be
a cause of acidosis. A simultaneous decrease in alpha-glyc-
erophosphate dehydrogenase activity produces the accu-
mulation of alpha-glycerophosphate, an intermediate prod-
uct of glycolysis. The accumulation of alpha-glycerophosphate
can stimulate the synthesis of triglycerides, which is also
promoted by a decrease in beta-oxidation of fatty acids. Its
morphologic manifestation is the accumulation of lipid drop-
lets in cardiomyocytes in alcoholic cardiomyopathy. The
tendency toward an increase in alcohol dehydrogenase ac-
tivity is connected with prolonged and heavy consumption
of alcohol. This increase may be connected with a need to
compensate for damaged liver function.
Pathogenesis of Alcoholic Cardiomyopathy
Acetaldehyde. What are the pathogenetic factors in al-
coholic cardiomyopathy? Is alcohol toxic to the cell or is
the toxic effect of acetaldehyde far greater? Is a constitu-
tional defect manifested in alcoholic cardiomyopathy (26)?
Interestingly, individuals prone to alcoholism are precisely
those in whom alcohol dehydrogenase activity is the highest
(27). Chronic alcoholism diminishes the acetaldehyde-ox-
idizing capacity of liver mitochondria and increases the ac-
etaldehyde level (28).
The toxic effect of acetaldehyde damages protein syn-
thesis and the pump function of the sarcoplasmic reticulum
and mitochondria, thus creating a vicious cycle that leads
to a progressively greater concentration of acetaldehyde (29).
However, neither ethanol nor acetaldehyde had a necrotic
effect in experiments on an isolated heart, which may in-
dicate that their action is not immediate (30).
Catalase. What is the role of catalase in the pathogenesis
of alcoholic cardiomyopathy? The increase in catalase ac-
tivity may play a protective role in the pathogenesis of
alcoholic cardiomyopathy. No significant increase in cata-
lase activity was obtained histochemically, although its ac-
tivity increased two times in an experiment by Fahimi et
al. (14) with chronic alcohol administration.
Lipid peroxidation. Catalase is an enzyme of lipid per-
oxidation and takes part in ethanol oxidation. The hypothesis
that lipid peroxidation is responsible for the damage in car-
diac muscle of chronic alcoholics was suggested because of
the similarity of changes in myopathy from vitamin E de-
ficiency and alcoholic myopathy (29). Yet, in our study, as
well as in the study by Kino (6), the rats were given a
sufficient quantity of vitamin E and this did not prevent the
development of alcoholic cardiomyopathy.
Both the mitochondria and sarcoplasmic reticulum con-
tain the highest amounts of polyunsaturated fatty acids and
are particularly vulnerable to damage from peroxidation.
The observation of damage to the organelles and of the
accumulation of lysosomes and lipofuscin granules supports
the hypothesis that lipid peroxidation plays a role in the
pathogenesis of alcoholic cardiomyopathy.
The large amounts of oxygen radicals may surge from
the oxidation of acetaldehyde by various oxidases. The en-
zymes, namely, xanthine oxidase, superoxide dismutase,
glutathione peroxidase and catalase, play the main role in
regulating the level of oxygen radicals (29). The hypothesis
that lipid peroxidation is of prime importance in the path-
ogenesis of alcoholic cardiomyopathy needs further inves-
tigation.
Changes in microcirculation. The alterations in the
microcirculation in alcoholic cardiomyopathy are of a sys-
temic nature, as shown by the plethora of blood vessels and
thinned walls found in the autopsy material as well as in
the experimental material and biopsy specimens. Changes
in the microcirculation have been clinically observed earlier
(31) in conjunctiva of chronic alcoholics. This finding dem-
onstrates the systemic nature of microcirculatory alterations.
Stagnation in the microcirculatory bed aggravates the met-
abolic damage of the myocardium. The foci of nickel ac-
cumulation in the cardiomyocytes are indirect evidence of
their hypoxic state (8), and the possible cause of the latter
may be the plethora of blood vessels.
Conclusions. Thus, in the present study, the possibility
of a reliable diagnostic complex for alcoholic cardio-
myopathy was demonstrated by biopsy studies of chronic
alcoholics and patients with congestive cardiomyopathy.
This study also provided new information about the nature
of the threat of sudden death, the cause of which, in some
cases, is likely to be alcoholic cardiomyopathy. Early di-
agnosis of alcoholic cardiomyopathy and adequate therapy
could serve as prophylactic measures against sudden death.
Therapy has to ensure the stability of the cell membranes
and the improvement of myocardial metabolism.
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